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ABSTRACT 


Selection of young stem sections free of external 
injury and the reduction of physical and/or chemical 
damage to tissues during their preparation, steriliza- 
tion, and excision were the most important factors gov- 
erning survival and growth of healthy and diseased 
conifer tissues tn vitro. Most (75-98 percent) primary 
explants from properly selected stems, prepared as 
described, survived and produced subsequent growth on 
suitable media. Proliferation of the rust (Cronarttum 
ribtcolaJ.C. Fisch. ex Rabenh.) occurred in 75 per- 
cent of the surviving blister rust-infected primary ex- 


plants from western white pine(Pinus monticola Dougl.). 


INTRODUCTION 


The tissue culture technique has long been used to study the physiology of specific 
plants, plant organs, and tissues. By employing this technique, one can control the 
environment, the substrate, and (if he uses clonal stock) the genetic composition of 
the tissues under observation. Thus, the effects of variables on such studies can be 
minimized or eliminated. 


It is recognized that members of the order Coniferales are difficult to propagate 
vegetatively in vitro (Loewenberg and Skoog 1952; Reinert 1962). Researchers have re- 
ported excessive tissue damage and/or secondary contamination during the primary explant- 
ing stage (Gautheret 1959; Koenigs 1968). In the authors' opinion, failures to culture 
conifer tissues have been due to improper preparative techniques and tissue-selection 
criteria. Our success with several conifer species (Harvey 1967; Harvey and Grasham 
1969a) and with rust-infected western white pine, Pinus monticola Dougl., (Harvey and 
Grasham 1969b) prompted us to prepare this paper detailing improved techniques. 


TECHNIQUES 


To be successful, our techniques require timing as well as treatment; so we have 
outlined them in order, from sample selection through explant incubation. 


Preparation of Healthy Conifer Tissues 


Ttssue-selection criteria.--Optimum tissue culture proliferation was obtained by 
using primary explants from current-year stems of either vigorous nursery stock or field- 
grown trees. Satisfactory results were also obtained by using older material, but callus 
development and growth were not as rapid. Callus development was delayed when we cul- 
tured material collected in Idaho during the months of December, January, and February. 


Contamination was kept minimal by using stem sections that had a smooth bark, free 
of insect or mechanical damage (figs. 1 and 2). Except for the fungi and bacteria in- 
digenous to the cortex, subepidermal bark tissues were relatively free of contamination. 


Cultures were prepared the day that material was collected. Although overnight 
refrigeration of material before preparation was acceptable, further delay allowed tis- 
sue oxidation and contamination buildup, both of which are severely detrimental to in 
vitro tissue growth. 


Pre-sterilizatton preparation. --Needles were clipped flush with the bark surface 
before the stems were sterilized. Care was taken to avoid damage to bark tissues dur- 
ing this operation. Tears permitted the sterilizing fluids used during subsequent 
Operations to penetrate and injure cortical tissues. Tissue damaged by excessive 
penetration of sterilizing fluids proliferated poorly tn vttro. 


Stems from which needles had been removed were sectioned into 2-3-cm. lengths by 
means of a high-speed, fine-bladed jigsaw (fig. 3). The fraying action of the recipro- 
cating blade tended to seal the open ends, which prevented excessive penetration by 
Sterilizing fluids. End pieces were extensively damaged at the time of collection and 
were always discarded. 


Cut sections were washed for 1 hour under rapidly running tapwater to free them 
of dirt and other foreign matter. In our laboratory, a longer washing period resulted 
in contamination by bacteria commonly associated with the water supply. Water-saturated 
stem sections were not satisfactory to tissue culture for this reason. 


Stertlization.--After being washed, the sections were gently shaken in 200-500 mg. 
of a 5.25% sodium hypochloride (NaOC€1) solution contained in a 1l-liter, screw-top flask. 
No more than 25 sections were treated at one time in order to minimize the total contam- 
inant load and to assure proper sterilization. If stem sections were properly chosen, 
they required only 1 to 3 minutes of surface sterilization. Since the: cortex is well- 
protected by the unbroken epidermis of current-year stems, it was relatively free of 
contamination and only surface sterilization was necessary. An alternate treatment, the 
use of a 3% hydrogen-peroxide (H»05) solution for 24 hours, successfully controlled con- 
tamination of conifer species (Pinus nigra, P. ponderosa, Lartx occidentalis) easily 
damaged by the NaOCl solution (Harvey and Grasham 1969a). Whenever cortical tissues 
had low levels of surface contamination, decreasing sterilization periods resulted in 
better tissue culture development, although for most tissues more time was needed to 
control contamination. An increase in sterilization delayed callus development. Imme- 
diately following sterilization with either NaOCl or H205, stem sections were rinsed 
three to five times in cool, sterile distilled water to remove all traces of the 
sterilant. (Complete removal of the sterilizing agent is necessary for normal callus 
development .) 


Exetston of primary explants.--Immediately after sterilization, cortical tissues 
were aseptically excised from the stem sections and transferred to the desired medium. 
These tissues constituted the primary explants. 


During the excision process, all tools were kept cool (room temperature), extremely, 
sharp, and free of the sterilizing agent. Razor blades and scalpels were changed fre- 
quently to prevent dull or damaged tools from tearing or bruising the tissue. Bruising 
or tearing of the cortical tissues during excision caused discoloration and abnormal 
development of the callus tissue. Similar effects were observed when tissues came in 
contact with hot instruments or with a sterilizing agent. 


Each stem section was separately removed from the flask in a sterile room and 


placed on a sterile surface. Each section was held gently but firmly by sterile forcepsm@ 


A sterile blade was then used to make a longitudinal slit through the bark and cambium 
(fig. 4). The Bard Parker surgical blade No. 11 was satisfactory. Forceps were then 
used to rotate the section while the cuticle and epidermis were surgically removed in 
thin, longitudinal strips (fig. 5). (Several fungi are associated with these tissues; 
so complete removal of these layers is essential.) Extreme care was taken not to bruise 
cortical tissues during this process. Cortical tissues were then undercut in the cam- 
bial zone (fig. 6) and carefully lifted from the woody cylinder (fig. 7). The wood was 
discarded. The damaged ends of the cortical tissues were trimmed, and the remaining 
tissues cut into 100-150-mm.* rectangular pieces. These pieces then were placed, cam- 
bium side down, on culture media. Optimum tissue culture growth and callus prolifera- 
tion were obtained when large (100-150 mm.*) primary explants were used. All working 
surfaces and tools were resterilized with alcohol, flame-dried, and air-cooled before 
the next section was prepared. 


Ineubatton vessels.--Standard flare-mouth culture tubes (25 X 100 mm.) covered 
with a single layer of plastic food wrap were used successfully as incubation vessels. 
The tubes contained 15 m&. of medium and proved to be satisfactory for tests of 90 days' 
duration. Similarly covered, 125-m2., wide-mouthed Erlenmeyer flasks, containing 50 mg. 
of medium, produced superior growth when cultures were maintained more than 90 days. 


The plastic film closures replaced Dispo foam plugs that were used during prepara- 
tion of the media and as closures until all primary explants had been placed on a cul- 
ture medium. 


Closures were prepared by pressing large sheets of plastic food wrap on an alcohol- 
dampened surface for sterilization. Sheets then were cut in place with a razor blade 
into 6-cm. squares and placed, sterile side down, over the mouth of the vessel. A 
tight-fitting rubber band secured the closure. 


Plastic film closures were superior to other types of closures tested. Tissue 
cultures grown in tubes that had cork or screw-cap tops showed erratic growth. Bacter- 
iological stoppers or cotton plugs permitted media to dry too rapidly for our needs. 


Ineubation environment.--Explants were incubated at 20° C. +2° with light for 16 
hours and then at 5° C. +2° without light for 8 hours (Harvey and Grasham 1969b). Cool, 
white fluorescent light at an intensity of 400 ft.-c. was satisfactory. Tissue cultures 
grown in darkness or semidarkness lacked vigor compared to those grown under light. 
Optimum results were obtained by beginning incubation of the explants at the start of 
the cool, dark period of the incubation cycle. 


Meditum.--Good proliferation was obtained with many conifer species (Harvey 1967; 
Harvey and Grasham 1969a) by using a simple medium consisting of the essential auxins, 
indoleacetic acid (IAA), napthaleneacetic acid (NAA) or 2,4-dichlorophenoxyacetic acid 
(2,4-D), at concentrations between .01 and 5 mg./%. 


Addition to the medium of certain amino acids, vitamins, and other growth factors 
further enhanced growth and development of many species (Harvey and Grasham 1969a). 
Tissue cultures benefited most when such compounds were used in microgram quantities 
eros LOO> 1,000 pe./2.). 


All heat-senstttve organte compounds were sterilized by filtratton and added to the 
autoclaved, basal salt medium (Harvey and Grasham 1969a) after it had cooled to 50° C. 


The pH of the medium played an important role in the initial growth of the cambium 
layer. Our work indicated that a pH range of 4.0 to 6.0 was suitable for the initial 
growth of most cambium explants (Harvey and Grasham 1969a). 


Preparation of Blister Rust-Infected 
Western White Pine Tissues 


Save for minor modifications, these same techniques were used for the in vitro 
culture of rust-infected western white pine (Harvey and Grasham 1969b). The proper 
selection of stem sections is critical to the culture of infected material. Material 
chosen must be 2 to 3 years older than that used in healthy tissue studies to assure 
rust infection and ramification. Nonfruiting rust cankers from 2- to 3-year-old growth 
segments of 6- to 10-year-old seedlings have been the best source of infected material. 


After the needles were removed in the laboratory, the stems were sectioned as pre- 
viously described. Only the outer edge of the infection was used. Stem sections were 
cut so that they were one-eighth infected and seven-eighths healthy tissue (fig. 3). 


_ A sterilization period of 5-10 minutes using 5.25% NaOCl solution was necessary to 
adequately control contamination. Again, all traces of the sterilant were removed by 
rinsing the sections three to five times in cool, sterile distilled water. 


Bark sections were excised according to the procedure outlined for healthy tissue, 
except that cortical tissues were divided into rectangular pieces (100-150 mn.2). One- 
eighth of each rectangle was infected tissue, seven-eighths of each piece, healthy 
tissue> (fig. 7). 


Seventy-five to 98 percent survival and subsequent growth of healthy and blister 
rust-infected white pine (Harvey 1967; Harvey and Grasham 1969b) and a minimum of 75 
percent survival and growth of other species (Harvey and Grasham 1969a) were obtained 
on artificial media by following these techniques. 


DISCUSSION 


The delay in tissue development experienced during the winter months appeared to 
be related to dormancy. The dormancy requirement apparently had not been satisfied. 
As a result, the physiological condition of this tissue was less receptive to auxin- 
induced growth and an adjustment period (not required by active tissue) was necessary. 


The reduced surface oxidation and subsequent increase in growth noted when cultures 
were started at the beginning of the cool period were apparently related to the effects 
of temperature on the rate of chemical oxidation. The lower temperature may also have 
permitted the tissue to neutralize the effects of oxidation. 


The use of large primary explants assures: (1) substantial food reserves neces- 
sary to maintain the explants until proliferation begins; and (2) reduction of the 
injured:uninjured tissue ratio to minimize the effects of damages incurred during 
tissue preparation. 


The one-eighth infected to seven-eighths healthy tissue ratio used to culture rust- 
infected tissue allowed for good host development and adequate inoculum potential for 
rust proliferation. This ratio is important to successful culture of this host-parasite 
system and produces optimum results. 


The increase of growth experienced when plastic vessel closures were used was ap- 
parently related to: (1) increased light transmission; (2) the conservation of moisture 
in the vessel; and (3) an adequate exchange of gases. The requirement for a balanced 
system of gaseous exchange and moisture conservation was effectively demonstrated when 
closures permitted either excessive moisture loss (cotton) or no gas exchange (screw 
caps or corks). 


Since all other cultural conditions were identical, the increased growth obtained 
in 125-m&%. flasks over that in 25 X 100 mm. tubes was due to the amount of medium 
and/or gas volume available to the tissues. 


In our experience, failures of primary explants to proliferate into callus tissues 
were usually related to one or more of the following procedural errors: 


.--Improper selection of plant materials; 

.--Delay in excision of tissues after collection of materials; 
.--Improper length of time for sterilization; 

.--Inadequate removal of a sterilizing agent; 

.--Incomplete removal of the epidermis; 

.--Damage to cortical tissues from hot or dull excision blades; 
.--Bruising or tearing of the excised tissues; 

.--Delay in transferring excised tissues to a culture medium; 
.--Improper incubation conditions; 

10.--Incorrect selection or concentration of auxin; and 
11.--Improper pH of the medium. 
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CONCLUSIONS 


The techniques described herein increase the efficiency of culturing a wide variety 
of conifer tissues. These techniques may also be beneficial to the tm vitro establish- 
ment of many obligate parasites of cultured species. These techniques should not only 
improve results obtained in culturing conifer species, but may be applicable to the 
culture of other members of the plant kingdom. 
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Figures 1-7. The selection and preparation of 
healthy and parastttzed conifer explants for 
tissue culture. Figures 1 and 2, the type 
of stems found most suitable for tissue 
culture explants of healthy and tnfected 
western whtte pine and other conifer spectes. 
Arrow denotes the discolored edge of the 
rust-infected zone tn figure 2 (2.5X). 
Figure 3, 2- to 3-cm. secttons of healthy 
(Lower) and rust-infected (upper) current- 
year stems of western white pine prepared 
for sterilization (2X). Figures 4, 5, 6, 
and 7, stepwtse removal of an tnfected 
cambium strip from western white pine, after 
surface steriltzation (3/4X). 
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